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Introduction 
This policy brief addresses shortcomings in state 
policy adherence at the University of Redlands 
(UoR). The recommendations hereafter are based 
on thorough consultation with the Department of 
Facilities Management at the UoR, the City of 
Redlands, and Bon Appétit, the institution’s 
catering provider who is contracted through 
August 1st of 2019.   
 
There are two important policies which are 
pertinent to waste management at the University of 
Redlands. Assembly Bill (AB) 341, passed in 
2011, established the goal to reduce 75% of MSW 
entering landfills by 2020 (Tellus Institute 2014). 
This law requires businesses which produce more 
than 4 cubic yards of organic waste per week to 
participate in a recycling program (Murphy et al. 
2013).   
 
 
The second law is AB 1826, which mandates the 
participation in organic waste recycling for businesses 
that produce 4 cubic yards or more of commercial solid 
waste per week on or after January 1, 2019 (CalRecycle, 
2018a). Organic waste includes food waste and green 
waste, and commercial solid waste includes garbage, 
paper, and refuse (PRC §40191).  
 
The important difference between AB 341 and AB 1826 
is that the latter addresses organics as a large faction of 
municipal solid waste (MSW), which is critical in 
diverting organic materials from the landfill.  AB 1826 
was first enacted in 2016 and steadily intensifies the 
organic recycling mandate for businesses on an almost 
yearly basis, with an implementation plan up until 2021 
(CalRecyle 2018b). The rationale for these policies is 
Policy Analysis 
  
 
 
 
 
 
 
By Serena  
In an effort to achieve greenhouse gas emission (GHG) reduction goals, the State of California has 
implemented aggressive recycling standards for businesses to reduce the amount of organic waste which is 
deposited in landfills.  As of March 2019, the University of Redlands (UoR) is not in compliance with law AB 
1826, which requires the diversion of all generated organic waste into recycling and/or resource recovery 
programs for waste generators of its size.  The University of Redlands is required to enact an organics recycling 
program that satisfies this requirement, and until compliance is achieved the UoR may be subject to 
immediate City code violations and subsequent fines.  
  
Recommendations: 
▪ Hire a third-party investigator to conduct a full-scale waste characterization audit to fully understand 
waste generation, recycling, and disposal at the University of Redlands.  
▪ Develop a program to recycling all pre- and post-consumed food waste in Irvine Commons.  
▪ Implement the City of Redlands’ organics recycling collection program to arrange for hauling and 
recycling of the annual 73,000 pounds of organic waste generated in Irvine Commons. 
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organic waste diversion from the landfill by means 
of source reduction, recycling, and composting.   
 
Food waste in the supply chain can be 
subcategorized into pre-consumed food waste 
(wastes from cultivation, processing, and 
distribution), and post-consumed food waste 
(wastes from meal preparation and consumption) 
(Pham et al. 2015). Organic waste, particularly that 
of food waste, has net cumulative environmental 
impacts on climate change and air quality when 
disposed of in a landfill.       
 
Irvine Commons, the UoR dining facilities, 
generates over 73,000 pounds of post-consumed 
food waste annually (Eifler 2016), which is all 
buried in the City of Redlands landfill.  By 
complying with AB 1826, the University of 
Redlands would avoid emitting about 626 kg of 
methane to the atmosphere (assuming a landfill gas 
collection efficiency of 90%).  This has the same 
benefit as planting over 250 tree seedlings and 
allowing them to grow for ten years!     
 
In the next section of this policy brief I will address 
the major steps for implementing an organic waste 
recycling program at the UoR: (i) conducting a 
comprehensive waste characterization study for 
solid and organic waste streams, (ii) addressing 
management alternatives for implementing an 
organic waste recycling program on campus, and 
(iii) establishing an agency to collect and transport 
separated organic wastes for recycling.  
 
Understanding the Waste Streams 
One of the first steps towards building a sustainable 
organic waste management system within a 
university is characterizing the institution’s solid 
waste stream through a full scale waste audit 
(Smyth et al, 2010; Mu et al, 2016). After the waste 
stream is analyzed, the institution has enough 
information to set realistic goals and create plans 
which are attainable.  Generally, it is more realistic 
for a business to start by recycling pre-consumed 
food waste because this source is easier to separate 
from contaminants for collection (Mu et al, 2016). 
 
The UoR has recycling programs for green waste, 
cardboard, and comingled recyclables. In addition, the 
Sustainable University of Redlands Farm (SURF) accepts 
some pre-consumed food waste from the Bon Appétit 
kitchen and coffee grounds from the Bulldog Café, which 
are composted aerobically at a small scale onsite. 
 
A business, or educational institution, that meets the 
waste thresholds set in State law is required to participate 
in or subscribe to an organics recycling service for all of 
the organic waste it generates.  Thus, the UoR must scale-
up current recycling programs or adopt a new program to 
include pre- and post-consumed food waste in order to 
reach compliance with California law.  
 
Selecting a Waste Management Plan 
I have met with the City of Redlands, Facilities 
Management, and Bon Appétit to propose ideas and 
establish recommendations as to how we can introduce 
post-consumed food waste recycling in Irvine Commons.  
For reference, all food waste generated in the kitchen, 
before it is prepared for a dish, is considered “pre-
consumed” food waste.  All food waste from prepared 
dishes which are not eaten by a consumer is considered 
“post-consumed” food waste.  Post-consumed food waste 
must be transported to and recycled in an industrial waste 
management facility, which means that the UoR will need 
to select an agency to take on the responsibility of hauling 
separated food waste.  
 
Donations   SURF 
 
 
 
Landfill 
KITCHEN   
 
 
    Consumer 
Unplated 
Food 
Figure 1: Current streams of food waste at the UoR 
Post-consumed 
Food Waste 
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Alternative 1: No action    
The no action alternative entails relying on our 
current recycling programs to increase our 
diversion rate of municipal solid waste (MSW) and 
to continue sending all post-consumed food waste 
to the City landfill.  The current waste stream for 
food waste is shown in fig. 1, where pre-consumed 
food scraps are sent to SURF, and post-consumed 
food scraps are sent to the City landfill.  If the no 
action alternative is taken, the UoR may be 
immediately subject to City code violations and 
subsequent fines.  The methane yield potential for 
the UoR food waste in this management option is 
6,260 kg CH4/year, where approximately 626 kg 
CH4/year will escape to the atmosphere.  This has 
the global warming equivalent of burning over 
17,000 pounds of coal.  
 
Alternative 2: SURF and Back End Recycling    
Under all these scenarios a significant amount of 
food waste must be transported for industrial 
recycling off-site. This alternative involves relying 
on the current on-site composting program for pre-
consumed kitchen food scraps (potato peels, melon 
rinds, etc.) and introducing a collection program 
for any pre-consumed food waste which cannot be 
composted onsite. These are food wastes such as 
fish and meat scraps, citrus peels and onions, dairy 
products and eggs, grease, lard, and oils (EPA 
2018). However, all of these organic items except 
for grease, lard and oils are accepted through the City of 
Redlands’ organics recycling program, and they are used 
as energy inputs to anaerobic digestion.  
 
While this alternative does not enable the UoR to be in 
compliance with AB 1826, it establishes the foundation 
for scaling up to recycling 100% of organic waste 
generated at Irvine Commons.   
 
Alternative 3: SURF, Back End, and Front End 
The third option identified is a full-scale organics 
recycling program.  In addition to the plan outlined in 
Alternative 2, this idea proposes the collection of post-
consumed food waste on the front end of Bon Appétit’s 
operation, which is the food service available to 
customers.  The main challenge with front end waste 
separation is the high probability of contaminating 
separated food scraps with other refuses.  In the event of 
this, it is necessary for a staff member to manually sort 
and remove trash from food waste.  This methane yield 
potential for this management option, assuming waste is 
anaerobically digested, is 8,001 kg CH4/year with trace 
emissions escaping to the atmosphere.  The energy 
potential from this methane could save over $1,161.60 in 
electricity costs!     
 
Option A: 
Establish a collection bin for food scraps where 
consumers can deposit food waste from their plates in 
order to separate post-consumed food waste.  The current 
Figure 2: Primary waste collection bins, Irvine Commons  Figure 3: Plate and dish conveyor belt, Irvine Commons  
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waste collection infrastructure in Irvine 
Commons, for trash and recyclables, is shown in 
fig. 2.  An effective separation system will be well 
labeled and accessible, so that consumers can 
properly separate food waste from other refuses 
and reduce the rate of contamination in the food 
waste bin. Given the high probability of 
contamination, some effectiveness has been 
shown through the application of “bin monitors” 
who are tasked with the responsibility to educate 
and instruct consumers on separating waste in real 
time as refuse is deposited (Dudas 2018). 
However, this option was not completely effective 
in preventing contamination, even in lieu of the 
monitor; the food waste bin was frequently 
contaminated with items such as paper napkins 
and paper plates, which were mistaken as 
biodegradable with the food waste (Dudas 2018).            
 
Option B: 
Instead of using a collection bin for food waste, 
consumers would be educated to leave food waste 
on their plates and place them on the plate 
conveyor belt (fig. 3). The dishwashers, who are 
trained on separating food waste from other 
refuses, will deposit food waste into a designated 
container before washing the dishes. This method 
is preferred by both Bon Appétit and Facilities 
Management because it reduces the probability of 
contaminating a collection bin; the responsibility 
of separation is shifted from the thousands of 
consumers who visit Irvine Commons each year, 
to a handful of trained employees. If 
contamination rates are lower, less work is 
required to manually remove trash and fewer fines 
would be incurred from refuse contamination fees. 
 
Establishing Waste Collection  
Under AB 1826, a business has the option to self-
haul waste to a recycling facility or to hire a third 
party recycler. A study at Chapman University revealed 
that an estimated $250,000 could be saved over a 15-year 
span if the university self-hauled their waste, which 
considers the costs of purchasing vehicles and hiring 
staff (Chapman University n.d.).  
 
As of now, our sustainability efforts would be greatly 
improved by adopting the organics recycling program 
offered by the City of Redlands, which accepts both pre- 
and post-consumed waste.  For businesses that contract 
with the City of Redlands, collected organic wastes are 
transported to an anaerobic digester where it is used to 
produce renewable energy and organic fertilizer.  This 
program currently offers a multitude of bin sizes for a 
business and pickup up to three times a week.     
 
Conclusion 
While the University of Redlands is currently not in 
compliance with California organics recycling 
legislation, there is great potential in the managing 
bodies at this institution to implement sustainable 
changes.  Establishing a successful organics recycling 
program will involve collaboration between the City of 
Redlands, the UoR, Bon Appétit and participants who 
require valuable feedback.    
 
On the basis of my findings, I recommend that the 
University of Redlands first and foremost consider hiring 
a third party to conduct a full-scale waste 
characterization study.  In addition, I recommend 
consulting with the City of Redlands Recycling 
Coordinator to advance the development of an inclusive 
organics recycling program.  By contracting with the 
City of Redlands for organics disposal and designing an 
organics collection program, the UoR will expedite 
organics recycling and incur immediate benefits towards 
sustainability. 
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1. Introduction 
Organic waste, particularly that of food waste, has net cumulative environmental impacts 
on climate change and air quality when disposed of in a landfill.  It is estimated that food waste 
consists of 15.5% of our national waste stream, equating to over 6 million tons (Tellus Institute 
2014).  While not all of this organic waste enters landfills, the large portion which does will emit 
potent greenhouse gases that contribute to atmospheric warming.  Overtime, food buried in a 
landfill will undergo anaerobic decomposition, a process which results in the emission of 
methane gas and nitrous oxide, two greenhouse gases with significant global warming potential 
(ATSDR 2001). The ramifications of food waste disposal are not unnoticed; with potent gas 
emissions and landfills exceeding capacity limits, states are implementing polices to address the 
quantities of waste entering landfills.        
California has identified that organic waste, including food waste, can be recycled in 
waste-to-energy operations that produce renewable energy and mitigate climate change.  The 
University of Redlands (UoR) generates over 73,000 pounds of food waste each year and only 
recycles a small portion through onsite composting; the remainder is sent to the landfill as trash.  
Based on reviews of existing scientific research in waste management, this paper compares 
estimated methane generation potentials for the UoR’s food waste in landfilling and anaerobic 
digestion scenarios.  Importantly, this research contributes to the scientific community the theory 
of methane accumulation in the atmosphere from the annual landfilling of food waste.  This 
analysis serves as valuable information for internal quality improvement practices for the 
University of Redlands, while offering perspective on integrated waste management and 
environmental sustainability.     
 
2. Literature review 
2.1. Greenhouse gas implications of food waste 
Food waste will undergo anaerobic decomposition after burial in a landfill, a process 
which produces greenhouse gases like methane and nitrous oxide for over a 50+ year time frame 
(ATSDR 2001; EPA 2011; Manfredi et al. 2011). The U.S. Environmental Protection Agency 
(EPA) claims that landfills are the third largest source of anthropogenic methane in the United 
States (EPA 2016). Greenhouse gases are harmful to our atmosphere because they absorb 
infrared radiation and slow the rate that energy escapes to outer space, thereby acting as an 
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insulator for the Earth. The effect of a particular gas on the atmosphere depends on its lifetime 
and radiative efficiency, or ability to absorb energy (Burroughs 2011). The Global Warming 
Potential (GWP), established by the Intergovernmental Panel on Climate Change (IPCC), 
provides a standardized way to evaluate global warming impacts of different gases by comparing 
the impact of one tonne of a specific gas to one tonne of carbon dioxide over a 100-year lifetime.  
Methane is approximated to have a GWP of 28-36, meaning it has at least 28 times the impact on 
warming our Earth than carbon dioxide (IPPC 2014; EPA 2016).  Additionally, methane has an 
average half-life of 8.6 years, and it is shown that methane will have fulfilled ¾ of its global 
warming impact after 17 years of decaying in the atmosphere (Muller & Muller 2017).  This is 
not surprising, as methane has a much higher radiative potential than carbon dioxide; it can trap 
more heat over a shorter time period. Carbon dioxide and methane gas are the primary gases 
produced from organic waste in a landfill, however there are also small amounts of nitrogen, 
ammonia, sulfides, hydrogen, carbon monoxide and other non-methane organic compounds 
(NMOCs) present (ATSDR 2001; EPA 2016).  Nitrous oxide, for example, has a GWP of 265-
298 times that of carbon dioxide (EPA 2017).  Understanding the relative amounts of greenhouse 
gases generated by food waste in anaerobic environments and their effect on atmospheric 
properties is crucial to gauge the environmental impact of landfilling organic waste.  
 
2.2. Waste generation and recycling trends 
The United States has experienced exponential growth in production, consumption, and 
disposal of food since the turn of the century.  It is very difficult to estimate the amount of food 
waste produced in the United States because traditional methods rely on direct examination of 
refuse, surveying, and inferential methods that are conducted on small scales and applied across 
a broad food system (Hall et al. 2009).  Often, random samples from collection vehicles are 
recommended to establish representative samples, instead of continuous sampling of the waste 
stream (Krause et al. 2016).  Since 1980, recycling rates for MSW have increased steadily as 
waste generations increased (EPA 2015).  Conversely, the composting and recycling rates for 
food waste have actually fallen since this time, even though the production rate of food doubled 
(Bloom 2010).  The value of organic waste has been realized; there is potential to generate 
renewable energy, natural gas, and soil amendments, while reducing greenhouse gas emissions 
by recycling food waste instead of landfilling it.  In states with integrated waste management, 
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food waste averages 13.6% of the waste stream, which is well below the national average of 
15.1% (Fig. 1), but in California food waste is roughly 19% percent of the waste stream (Staley 
& Barlaz 2009; EPA 2015) Given this striking proportion of organic waste, California has 
implemented aggressive recycling policies and diversion mandates for municipalities to curtail 
environmental degradation. The most sustainable option to combat food waste is to prevent it 
from occurring in the first place, or to recover food and feed it to people or animals before it is 
wasted; the least sustainable option is landfilling (EPA 2017).  The most sustainable option to 
combat food waste is to prevent it from occurring in the first place, or to recover food and feed it 
to people or animals before it is wasted; the least sustainable option is landfilling.  In 2007, a 
study by the EPA estimated that food scraps can make-up 31 million tons of the waste stream in 
the United States (EPA 2017).  Considering that 15.1% of the municipal solid waste (MSW) 
stream is food, there is a huge potential for jurisdictions to divert this waste from the landfill and 
into productive recycling processes!     
Figure 1: (left) Distribution of total MSW generated by material in 2015 and (right) generation 
tonnages of total MSW by material from 1960 to 2015 (EPA 2015). 
 
2.3. Methane gas generation 
 Food waste has a high biodegradable carbon content, which is one factor that contributes 
to its high methane generation potential in anaerobic environments (Dearman & Bentham 2007).  
Methane is important to focus on because it has a global warming potential 28 times greater than 
that of carbon dioxide, and food waste emits significant amounts of methane gas under anaerobic 
conditions.  The EPA recognizes that one million tons of MSW produces roughly 300 cubic feet 
per minute (cfm) of landfill gas (EPA 2016). Given that landfill gas can range from 45% to 60% 
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methane by volume (ATSDR 2001), this suggests, conservatively, that one million tons of MSW 
could account for over 1.4 trillion cubic feet of methane gas over twenty years!  The volume of 
landfill gas emitted is dependent on management practices and weather factors that affect the 
landfill.  In a critical review of methane generation potentials for solid waste, food waste had a 
methane yield from 300 to 500 m3 CH4/Mg VS, where VS stands for methane yield (Krause et 
al. 2016).  An anaerobic digestion experiment conducted in the United Kingdom reported that 
food waste has a methane generation potential of 357 (± 24.7) mL CH4/g VS (Trzcinski & 
Stuckey 2012; Krause et al. 2016).  Consistent with these findings, a study conducted in San 
Francisco, CA, found that kitchen waste had a methane yield of 348 mL CH4/g VS after 10 days, 
and 435 mL CH4/g VS after 28 days of digestion (Zhang et al. 2007; Krause et al. 2016).  The 
methane generation potential may be significantly lower for certain waste streams as it is solely a 
characteristic of the waste, whereas factors such as moisture content and temperature contribute 
to the amount of methane generated.  Methane potentials for food scraps are also highly 
dependent on the ratio of lipid and proteins, which determines the oxidation states of the organic 
waste (Krause et al. 2016).  This is the reason that food waste often has a higher methane 
potential than green waste or other organics with a lot of cellulose.   
 
2.4. Policy instruments  
There have been many shifts in policy over the last four decades regarding municipal 
solid waste disposal, recycling, and reduction.  The State of California has implemented laws 
within the Integrated Waste Management Act such as Assembly Bill (AB) 341 and AB 1826, 
which focus on waste diversion and reduction, but not prevention. Under AB 341 and AB 1826, 
any business which produces more than 4 cubic yards of organic or solid waste is mandated to 
participate in an organic waste recycling program (Murphy et al. 2013; CalRecycle, 2018a). 
Organic waste includes food waste and green waste, while commercial solid waste includes 
garbage, paper, and refuse (PRC §40191).  These laws focus on recycling and diverting 
salvageable waste into waste to energy operations, where electricity, gas, and organic soil 
amendments can be produced.  While these policies have been effective in diverting organic 
waste from the landfill, they fail to address upstream waste prevention and instead account for 
the impact of recycling campaigns, which are easier to quantify the progress of (Mourad 2015). 
It is for this reasons that local governments are much more inclined to fund organics recycling 
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programs than food waste prevention campaigns.  In addition, several studies have found that 
while the presence of a recycling program does increase user participation and recycling rates, a 
recycling program has no effect on waste prevention (Sharp & Giorgi & Wilson 2009; Ferrara & 
Missios 2012).  However, there is a strong correlation between concern for environmental 
problems and active changes to lifestyle which translate to waste reduction and recycling 
(Ferrara & Missios 2012).  Providing participants, whether they are staff members or consumers, 
with feedback on the environmental and social benefits of their decisions, especially if it 
stimulates feelings of guilt or pride, can increase and maintain participation in a recycling 
campaign (Antonetti & Maklan 2013).  In conclusion, state recycling policies generally fail to 
address why we have so much municipal solid waste, and instead choose to manage excess 
wastes because it is easier to achieve goals this way.  To mediate this, recycling programs can 
implement various techniques to educate and influence consumers to reduce waste generation, 
such as regular feedback and environmental perspectives on their participation.  The following 
sections review the four popular management practices for recycling organic waste: anaerobic 
digestion, aerobic composting, incineration, and landfilling.   
 
2.5. Common management practices 
2.5.1. Anaerobic digestion 
Commercial anaerobic digestion is a waste-to-energy practice which produces renewable 
energy by capturing, treating, and processing all biogases emitted from organic waste in a closed 
system.  This makes it the preferred method for managing food waste because it allows for 
complete treatment of all emissions, while producing a renewable resource and soil amendments 
(DiStefano & Belenky 2009; Calabrò 2009; Kong et al. 2012).  The methane generation 
potential, or the amount of methane which can be produced from a type of waste, is dependent 
on factors of the feedstock in an anaerobic digester (Trzcinski & Stuckey 2012).  Food waste has 
the potential to produce three times as much methane as other organic wastes, such as wood and 
paper, because it is highly biodegradable (EPA 2014). In one anaerobic digestion experiment for 
kitchen waste, the average methane content of the biogas emitted from the waste was 73% 
(Zhang et al. 2007). This potent methane gas can be burned to turn a turbine to make electricity 
or compressed into natural gas to run a vehicle; both making this management practice a 
renewable source of energy.  In an analysis of waste management practices using the 
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Intergovernmental Panel on Climate Change (IPCC) 2006 Life-Cycle based approach, anaerobic 
digestion was the only option which had GHG emission savings (Mohareb et al. 2011).  While 
one might expect that the relatively high leakage rate for anaerobic digesters would result in 
higher emissions, the typical processing of source-separated organic wastes with very high 
moisture content (Krause et. al 2016) results in lower emissions compared to landfilling organics 
with higher carbon contents, such as forestry products (Mohareb et al. 2011).  One of the main 
drawbacks from anaerobic digestion is the long duration of the microbial reaction, which can 
range from 20-40 days.  In addition, the anaerobic decomposition of materials high in nitrates 
can produce high concentrations of free ammonia (NH3), which seriously affect the anaerobic 
digestion process by creating a toxic environment for methanogenic bacteria (Pham et al. 2015).  
However, food waste can be mixed with organic materials that contain a larger amount of carbon 
to nitrogen to avoid acidification, and research has shown that increasing this ratio does not 
affect the rate of gas production, but it does increase the amount of methane produced (Tanimu 
et al. 2014).  For these reasons, anaerobic digestion is an incredibly sustainable waste 
management practice for food waste by reducing greenhouse gas emissions and creating a source 
of renewable energy.    
 
2.5.2. Aerobic composting 
In an aerobic composting pile, food waste is decomposed into fertile soil with consistent 
access to oxygen.  To achieve this, the material must be “turned”, or mixed with air, to provide 
large amounts of oxygen to the microorganisms which are responsible for converting food waste 
into soil.  The compost undergoes initial decomposition where mesophilic organisms consume 
sugars and amino acids, and their populations grow rapidly until as the heat from their activity 
increases the pile’s temperature (ATSDR 2001).  Once the temperature reaches 45-50 degrees 
Celsius (°C), their activity is suppressed while fungi and several thermophilic bacteria continue 
the decomposition process.  As temperatures rise above 65°C, pathogens will be killed, which is 
very important in determining the quality of the finished product.  Gradually, the temperatures 
will decrease amidst turning as the pile begins to “cure”, where fungi break down cellulose and 
hemi-cellulose.  This is an important step because it helps neutralize pH levels, increase available 
oxygen and nitrogen, and reduce the toxicity of organic acids when applied to plants (FAO 
2003).  Many factors such as oxygen concentration, moisture, carbon to nitrogen ratio, 
 
 
Dudas 13 
temperature, and pH value must be closely monitored to reduce the amount of methane, nitrous 
oxide, and ammonia gas that is generated and lost to the atmosphere (Gabriel et al. 2015).  The 
GHG emissions related to aerobic composting are highly dependent on the type of waste 
involved; waste with more moisture will produce more greenhouse gases (Gabriel et al. 2015).  
However, even very well-aerated composting process have reported emissions of methane and 
nitrous oxide, which can be released to the atmosphere in open-composting operations.  This 
makes closed-system aerobic composting operations more desirable than backyard composting 
piles.  In comparison to other waste management options, aerobic composting is less favorable 
because it does not constitute a renewable energy source and has sufficient greenhouse gas 
emissions, like CO2, CH4, and NO2, if not aerated properly.  
 
2.5.3. Incineration 
Another waste-to-energy management option for food waste is incineration, which 
greatly reduces the volume of waste and produces thermal energy.  Many countries are reluctant 
to adopt incineration techniques for solid waste due to toxic air emissions containing dioxins and 
heavy metals when mixed wastes are burned.  However, updated technologies have increased air 
pollution controls and reduced the amounts of toxic air emissions to safe levels.  In addition, 
incinerating source-separated food waste has a lower emission of toxins than municipal solid 
waste because the components are organic (Mohareb et al. 2011).  The most efficient materials to 
combust for maximum returns on energy production are dry materials, such as wood, paper, and 
cardboard.  The high water content of food waste can lower the efficiency of incineration, and 
food waste often needs to be dehydrated and mixed with other dry substrates before it is 
combusted (Gao et al. 2017).  Burning organic waste in an incinerator allows for the recovery of 
electricity from combustion at a 27% efficiency rate, which is fairly low (Cherubini et al. 2009).  
Combusting 1 metric tonne of municipal solid waste in a modern waste-to-energy power plant 
generates a net of 600 kWh of electricity, which is roughly enough energy to power one air 
conditioning unit for eight days straight (Psomopoulos et al. 2009).  While incineration can 
reduce the volume of solid wastes up to 80-85%, the resulting ash from burning waste is 
considered inorganic and is typically disposed of in a sanitary landfill (Psomopoulos et al. 2009). 
From a global warming perspective, burning food waste can be better than burying it in a landfill 
because the closed system prevents escaped gases; modern sanitary landfills with gas collection 
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systems still lose 25% of methane produced to the atmosphere until the waste is “capped”, so 
that landfill gases can be collected (Psomopoulos et al. 2009).  The EPA still ranks incineration 
as a last resort, along with landfilling, for disposing of food waste.  After this analysis, it is clear 
that incineration is not a sustainable waste-to-energy resource for disposing of food waste.          
 
2.5.4. Landfilling 
In a landfill, organic waste will decompose anaerobically and emit potent greenhouse 
gases which need to be captured and treated to reduce global warming impacts.  However, over 
the last 100-years landfill technologies have greatly improved; better management, greater gas 
collection efficiencies, and regulated flaring practices have all contributed to reducing the 
amount of GHG emissions from sanitary landfills.  Another important factor in reducing methane 
emissions has been the large diversion of organic materials, such as paper, food, and yard waste, 
into recycling operations instead of landfills.  Unfortunately, gas-collection systems are only 
required by the EPA at the largest landfills; more than half of all landfills let their methane 
production escape to the atmosphere.  Even for those landfills with gas collection wells, a typical 
collection system will inadvertently allow 38-45% of methane emissions to escape (Bloom 
2010).  Since 1990, methane emissions from landfills have decreased by 16.3%, in respect to 
total anthropogenic greenhouse gas emissions (EPA 2017).  The “filling phases” of a landfill 
have a large effect on the amount of GHG emissions released to the atmosphere.  A landfill 
cannot cap waste for gas collection until a quoted minimum amount of municipal solid waste has 
been deposited and compacted into place.  In some cases, no gas collection is practiced over the 
first 1-2 years following deposition, and from year 3-7 gas collection was practiced at 50% 
(Manfredi et al. 2011).  At the City of Redlands landfill, a cell is active for five years until it is 
capped and subsequently monitored for another fifty years (Emerson 2016).  After the refuse cell 
is capped for gas collection, the gas is often flared off, which converts it to carbon dioxide so that 
the global warming potential of the emissions is lower.  
Because of gas collection and burning, well-managed organics landfilling can generate 
greater greenhouse gas emission reductions than other organic waste management options (Kong 
et al. 2012; Manfredi et al. 2011).  With high control over gas and leachate emissions, gas 
collection, and gas utilization at the landfill, the environmental performance estimated for 
landfilling is comparable with composting and incineration of organics and paper (Manfredi et 
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al. 2011).  While this finding may not be represented in broad literature, it serves to address that 
much of existing data on landfilling organic waste is outdated.  For example, the EPA’s last 
major study evaluating food waste occurred in 1997 (Stuart 2009).  There is a great demand for 
updated research on landfill gas emissions, especially research which studies organic waste 
factions in landfills across the nation.  Regardless, landfilling organic waste is generally 
considered as an unsustainable practice which discards of a valuable energy resource. 
 
2.5.5. Greenhouse gas implications 
 Out of the four common management practices for food waste, anaerobic digestion has 
the greatest net reductions in greenhouse gas (GHG) emissions (Kong et al. 2012; DiStefano & 
Belenky 2009).  Anaerobic digestion (AD) saves both energy and GHG emissions; landfills are 
responsible for 243 million tons CO2-e, while anaerobic digestion systems would emit 90 to 97 
million tons CO2-e (DiStefano & Belenky 2009).  When compared to aerobic composting, AD is 
less energy intensive and has far fewer GHG emissions.  In addition, AD creates clean energy 
and soil conditioners, unlike aerobic composting which only produces fertilizer.  However, the 
soil amendment produced from AD usually lacks vital nutrients, and for this reason compost 
from aerobic processes is preferred for agriculture (Baldasano & Soriano 2000).  Aerobic 
composting is still preferred over landfilling because of the reduced emissions and generation of 
fertilizer.  In comparison to incineration and landfilling waste, AD is preferred because it greatly 
reduces both the emissions of GHGs and other air pollutants (Pham et al. 2015).      
 
3. Methods  
3.1. Understanding the waste stream 
In order to generate recommendations on organic waste management at the UoR, it was 
necessary to develop an understanding of the current waste stream.  This involved consultation 
with the director and co-director of the Department of Facilities Management, in addition to 
consultation with the head chef of Bon Appétit and the regional district manager of Bon Appétit.  
Informal surveying of the infrastructure of Irvine Commons was also performed to comprehend 
the current waste management practices in place and the potential for recycling post-consumed 
food waste.              
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3.2. Consultation on existing services and infrastructure  
The State of California requires that municipalities and jurisdictions work to provide a 
recycling program for organic waste to businesses and public entities, so that they can recycle if 
mandated to do so by the law (CalRecycle 2018b).  While the City of Redlands, hereby referred 
to as “the City”, has a collection program for recyclables (glass, aluminum and plastics), 
developed a program for recycling organics/food waste available to businesses in the fall of 
2018.  This program is managed by the City of Redlands Recycling Coordinator, who helps 
business design a waste separation plan and sign up for weekly, bi-weekly, or tri-weekly 
collection of organic/food waste.  Depending on the amount of waste produced by the business, 
they may purchase a container from the City ranging from a 32-gallon bucket to a 3-yard bin 
(appendix A).  A list of accepted materials for this program are detailed in appendix B. 
In the Fall of 2018, I consulted with the City of Redlands Recycling Coordinator to learn 
more about the City’s organics/food waste recycling program, and to understand how they 
identify businesses in their jurisdiction that would be subject to mandatory organics recycling on 
January 1, 2019. After consulting with the Recycling Coordinator of the City of Redlands, I 
referred her to call the Department of Facilities Management at the UoR to help prepare the 
institution for mandatory food waste recycling.      
 
3.3. Methane generation potentials for waste management options at the UoR 
The purpose of this project is to demonstrate the GHG emission implications of waste 
management options at the UoR when in full compliance with California State recycling laws. 
Because the majority of food waste generated at the UoR is sent to the landfill, an analysis on the 
GHG emissions and subsequent air quality effects of this management practice is warranted.  
After a review of generalizable scientific knowledge, anaerobic digestion of food waste was 
proven to be the preferred alternative to landfilling food waste (Mohareb et al., 2011; Kong et al. 
2012; DiStefano & Belenky 2009).  The City of Redlands’ organics recycling program transports 
and delivers food waste to a third-party recycler, where it is anaerobically digested to produce 
natural gas and soil amendments.  Considering the high likelihood that the UoR will subscribe to 
the City’s food waste recycling program, an analysis of GHG emissions related to anaerobically 
digesting the UoR’s food waste is justified.  These factors led to the decision to analyze and 
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compare the methane generation potentials for the UoR’s food waste stream in a landfill 
environment and an anaerobic digester.  
To determine the appropriate methane generation potentials for food waste under 
different management scenarios, a thorough text analysis was performed.  This involved a 
complete review of integrated waste management literature, with the inclusion of many critical 
reviews of scientific research.  The values selected for use in the following calculations met the 
necessary criteria.  For the landfill scenario, data was needed from the United States, and 
preferably from the Pacific Coast, where climatic and weather influences on landfills would be 
similar to those that affect the City of Redlands Landfill.  In addition, the experiments needed to 
account for methane generation potentials related to mixed food waste.  
 
4. Results and discussion 
4.1. Current waste management practices  
Consultation with directors of the Department of Facilities Management at the UoR 
provided great insight on operations at the university.  For example, the UoR currently has 
recycling programs for green waste, cardboard, and comingled recyclables.  In addition, the 
Sustainable University of Redlands Farm (SURF) accepts some pre-consumed food waste from 
the kitchen in Irvine Commons and coffee grounds from the Bulldog Café.  These subsectors of 
the organic waste stream are composted manually in a small-scale semi-aerobic system at the 
SURF.  The SURF only composts a small fraction of the UoR’s organic waste stream (estimated 
<120gal/week), which means that some pre-consumed food waste and all of the post-consumed 
food waste generated in Irvine Commons is still transported as trash to the City of Redlands 
Landfill.  The Head Chef for Bon Appétit estimated that around 200 pounds of organic waste are 
generated in Irvine Commons each day (2018), and this estimate is consistent with a waste-by-
day report in 2016 which states that 261.20 pounds of organic waste is generated each day (Eifler 
2016).  Consequently, the UoR generates around 73,136 pounds, or 36 tons, of organic waste 
each year in Irvine Commons alone.  This estimation does not include other point sources of 
food waste generation at the UoR, such as the residence halls and large-scale catering events.  
Additionally, we can expect that the true average generation of food waste for the University of 
Redlands will differ from the estimation by Eifler.       
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Under law AB 1826, which stipulates that any business which produces over 4 cubic 
yards (see Imp. 2) of commercial solid waste per week is mandated to recycle all generated 
organic waste, the UoR is required to adopt a new recycling program that satisfies this 
requirement.  If compliance with State recycling laws is not achieved, the UoR may be 
immediately subject to fines and violations with the City.  The UoR has at least 10 four cubic 
yard dumpsters, and the solid waste from these is collected and transported to the landfill on a 
weekly basis.  Another source of solid waste at the UoR comes from the large trash compactor 
behind Irvine Commons, and its contents are also transported to the landfill.  From my review, 
the University of Redlands is currently not in compliance with CA state recycling legislation as 
of March of 2019.  The University of Redlands could have been subject to fines on January 1st 
2019, however, the City of Redlands is behind on developing ordinances to enforce recycling 
laws and infrastructure to divert waste from the landfill.  The City of Redlands plans to have 
ordinances in place by August of 2019, and at that time the UoR can expect fines, possibly as 
high as $500/day, if they are not actively recycling all organic waste generated on campus.  
 
  
Image 2: A four cubic yard dumpster. 
  
There are several ways in which the University of Redlands could achieve compliance 
with California State recycling laws.  Ultimately, all pre- and post- consumed food waste must 
be diverted into a recycling process.  One common suggestion from knowledgeable community 
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members is to scale up composting at SURF to accommodate for more food waste in an effort to 
compost everything generated in Irvine Commons.  While this is a great idea, the SURF Garden 
is not equipped to currently process the large amounts of food waste generated in Irvine 
Commons. Additionally, scaling up to a larger, aerobic composting pile at SURF is not ideal to 
achieve compliance with CA legislation because we would not be able to process post-consumed 
food waste; if post-consumed food waste is not composted industrially, to ensure that all 
pathogens are killed at high temperatures, then the compost cannot be applied to agricultural 
fields as it is a health risk.  Another idea is purchasing an in-house anaerobic or aerobic recycler 
for organic waste.  The upside of this is that all revenue and expenses are kept internal, and 
profits off of energy or fertilizer byproducts could be made in the long run.  Conversely, 
purchasing an industrial recycler has high upfront costs and requires consistent upkeep.  A 
specialist would need to be hired full time to monitor the processor 24 hours a day to ensure that 
the machinery is running efficiently and that it will not catch on fire.  Currently, the most logical 
option for the UoR to begin recycling food waste is to develop a contract with the City of 
Redlands to pick up separated food waste from our campus on a recurring basis.  
Consultation with the City of Redlands Recycling Coordinator revealed important 
operational logistics of the City’s organics recycling program that are relevant to the University 
of Redlands.  Each business has a trash account with the City, which details the amount of 
municipal solid waste they produce weekly based on the volume of the bin used for trash 
collection.  Additionally, the Recycling Coordinator conducts weekly reports on bin 
contamination for specific businesses that use the City of Redlands organics recycling program.  
This entails manual sorting through bins of food waste to remove trash and other non-organic 
wastes, and a written a report on performance for the business as a quality improvement 
measure.  Eventually, the business will eliminate contamination by increasing separation 
accuracy and removing trash themselves.  The main concerns for introducing a full-scale food 
waste recycling program are managing bad odors, designating and/or developing infrastructure 
for separated waste in between pickups, training staff, and preventing contamination of separated 
food waste batches.  One strategy which the City uses to control odor is the lining of food bins 
with plastic bags that have a drawstring, so that waste can be sealed within a sealable container.  
Considering the high summer temperatures experienced in Redlands, food waste may need to be 
kept in the shade or in a place without intense heat exposure.  The City of Redlands is working to 
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scale up their current organics collection program (appendix B) to offer daily pick up of refuse 
by the end of 2019.  In this case, potential odors from food waste would be minimized by 
reducing the amount of time between pickups.  The preferred option for reducing contamination 
is have consumers leave food on plates which are deposited onto the plate conveyor belt, and to 
train dishwashers on how to properly separate food waste from the plates.    
Further consultation with Bon Appétit provided information on current sustainable 
practices and efforts towards reducing food waste.  Bon Appétit has previously used a software 
called Leanpath, which is an automated food waste tracking technology that was developed in 
2004.  This technology provides a complete waste prevention platform to improve efficiency in 
the kitchen and prevent unnecessary pre-consumed food waste.  Some sustainability initiatives 
that Bon Appétit has adopted include incorporating leftovers from prepared dishes into new 
salads, donating surplus produce to community services in Redlands, limiting buffet-style 
services to customers, regulating portion sizes per meal, and reducing portions of meat unless 
requested otherwise.  In addition, they make an effort to support local farmers and source 
produce directly from them, or from SURF.  Bon Appétit is now transitioning to using OnTrack 
software to help reduce food waste, and the advantage with this technology is that it allows a 
way for teams to separate waste and measure items, weigh them, and enter information into the 
software for automated data analytics.  This data will be very advantageous to the University of 
Redlands and the Department of Facilities Management as they begin to characterize the waste 
stream at Irvine Commons. 
To maximize success in developing a full-scale organic waste recycling program, 
Facilities Management will need to work with the Recycling Coordinator of Redlands to survey 
and characterize the pre-consumed food waste-stream.  This involves quantifying the volume of 
waste which can be accepted by SURF and the volume of waste which will be collected by the 
City for recycling.  Facilities will also need to survey the current infrastructure of Irvine 
Commons and determine whether there is room to add a collection bin for organic waste or 
whether development is needed to create space.  In addition, Bon Appétit will need to train 
kitchen staff on how to separate SURF bound food scraps from City bound food scraps, where to 
empty collection buckets when they are full, and how to prepare food waste collection bins on 
City collection days.   
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4.3. Methane yield potential for UoR waste in an anaerobic digester 
Based on the review of scientific literature, sending pre- and post-consumed food waste 
to an industrial anaerobic digestion, with a third party, is the best option for recycling the 
University of Redlands (UoR) pre- and post-consumed food waste.  After retrieving data on 
waste generation from a waste by day study conducted in 2016 (Eifler 2016), calculations were 
preformed to demonstrate the GHG emission offset between landfilling the UoR’s food waste 
stream and recycling it.  First, methane yield potential in anaerobic digestion was estimated by 
using a reported methane generation parameter of food wastes, 435 mL CH4/g VS, from an 
anaerobic digestion experiment performed in San Francisco, CA, where VS represents methane 
yield in milliliters per gram of food waste (Zhang et al. 2007).  This methane yield value will 
change based on the efficiency of management for the anaerobic digester, thus there will be a 
margin of error when assuming this same potential will be achieved in the chosen anaerobic 
digester for the UoR’s waste.  This parameter was selected to control for variables that are 
dependent on location, which can affect the accuracy of methane generation potentials for wastes 
in different geographic areas, and because it represents VS after 28 days of digestion at 50 ± 2°C, 
which is within the average residence time of 20-40 days for a feedstock batch.  Knowing that 
the UoR produces approximately 73,136 pounds of food waste a year, the VS estimate was 
calculated as follows: 
VCH4 = VFW x Pt 
where VCH4 is the volume of methane, VFW is the volume of mixed food waste, and Pt is the 
cumulative methane yield potential of VFW at time t.  To standardize results for comparison, all 
calculations were converted from mL CH4/g to kg CH4/t, where t is a unit of time.  Ultimately, 
the UoR food waste stream can generate 8,001 kg CH4/year, assuming a moisture content of 66-
73%, in an anaerobic digester.  This estimation assumes the same conditions in an anaerobic 
digester as the study conducted by Zhang et al. (2007 as the result is dependent on Mt, where 
conditions may be comparable to an industrial anaerobic digester in Southern California.  The 
coefficient Mt is accepted to range from 300 to 500 m3 CH4/Mg VS (methane yield) by the 
scientific community (Krause et al. 2016).  Importantly, the characterization of waste studied in 
the experiment by Zhang et al. is consistent with the characterization of food waste generated by 
the University of Redlands.  There are limitations in this estimation, for instance the UoR may 
generate more or less food waste in a given year.  If we were to use the electricity generated 
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anaerobically from digesting our food waste instead of buying power from the grid, we could 
save over $1,161.60 per year, assuming that electricity costs $0.10/kWh (Kuo and Dow 2017).  
This gives perspective on the energy potential of our organic waste stream and the added 
economic value from anaerobically digesting our food waste.    
 
4.2. Methane yield potential for UoR waste in a landfill 
 In order to gain an accurate representation of the total CH4 emitted from food waste in a 
landfill, the calculation used for anaerobic digestion was repeated using a conservative estimate 
of methane yield per unit of food waste under anaerobic conditions over the lifetime of the 
landfill.  A reported methane yield of 357 mL CH4/g VS for kitchen waste from a study of 
biochemical methane potentials for MSW was selected for this calculation (Trzcinski & Stuckey 
2012).  Considering that the variable conditions of a landfill do not maximize methane 
generation potential, this value is adequately conservative.  This will help account for errors from 
unknown and uncontrolled variables, however it is important to keep in mind that these are 
estimates intended to spark consideration for the environmental impact from landfilling food 
waste.   
The methane yield (VS) for a unit of food waste in a landfill was calculated as follows:   
VCH4 = VFW x Pt 
where VCH4 is the volume of methane, VFW is the volume of mixed food waste, Pt and is the 
methane yield potential of VFW at time t.  This returned a value of 6,260 kg CH4/year, where VFW 
is 73,316 pounds, the total amount of organic waste generated in Irvine Commons at the 
University of Redlands in one year.  If we apply a theoretical 90% gas collection efficiency for 
the City landfill to the UoR waste, approximately 626 kg CH4/year would escape to the 
atmosphere.  To check this calculation, I reversed the EPA calculator for CO2 equivalencies to 
generate an estimate of the kilograms of methane per unit of municipal solid waste in a landfill 
(kg CH4/MSW).  The EPA calculator estimated that 4,190 kg of CH4 is avoided by diverting 
36.5 tons, or 73,136 pounds, of MSW from the landfill.  Municipal solid waste is heterogeneous 
in composition and it may contain organics, trash, recyclables, objects with volatile chemical 
compounds, as well as other non-organics which contribute to total LFG emissions.  The EPA 
uses the Waste Reductions Model (WARM) and specifies that they account for net emissions, 
including those from transportation, operating the digester, avoided utility emissions from biogas 
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combustion, and fertilizer application.  The main limitation here is that the EPA does not specify 
the waste characterization of MSW used for their calculations and the unit of time assumed for 
landfill emissions, which can range anywhere from 7 to 50 years in various studies.  
Additionally, it is unclear what standards are used for variables such as transportation, where 
driving distances can vary regionally.  These limitations make it difficult to compare the actual 
and expected results.  Regardless, this finding is consistent with what I expected; food waste 
would have a higher VS because the waste sample is much more homogenous in moisture, 
sequestered carbon, and composition in comparison to municipal solid waste.  Considering these 
factors, which directly contribute to methane production under anaerobic conditions, it is logical 
that the EPA emissions calculator for MSW would return a lower result of 4,190 kg CH4.  
 
4.2. Methane accumulation yield potential for UoR waste in a landfill 
Food waste is recognized to have significant methane emissions 1-2 years after disposal, 
as studies accept that food waste can generate GHG emissions at a constant rate for seven years 
(EPA 2011; EPA 2016; ASTDR 2001).  Because of this, we infer that 36 tons of food waste 
deposited in the landfill over the course of one year will emit 626 kg CH4 every year for seven 
years.  After seven years, the annual volume of food waste from the UoR will have produced 
4,382 kg CH4.  Yet, we know that the UoR produces food waste every single year, so while this 
food waste deposited one year will produce methane, the UoR will add another 36 tons of food 
waste the following year that will produce another 4,382 kg CH4 over seven years as well.  The 
portion of methane gas that escapes untreated from the landfill every year, dependent on the 
amount and age of disposed organic waste, accumulates exponentially in the atmosphere.  If the 
University of Redlands only disposed of 36 tons of waste on one year, and never added any other 
organic waste to the landfill, then the accumulation of methane in the atmosphere would have a 
linear relationship.  However, because we are constantly adding more waste to the landfill, the 
amount of organic matter that has the potential to generate methane gas is growing, making the 
accumulated methane emissions very significant.  To my knowledge, this concept of exponential 
accumulation of methane from consecutive years of landfilling organic waste has not been 
explored by the scientific community.   
 The theory of methane accumulation over time is due to the positive incremental 
deposition of food waste in a landfill over a long time span.  Each year, 36 tons of food waste is 
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added to the City of Redlands landfill which will produce 6,260 kg CH4/year, of which 626 kg 
CH4 will avoid being captured by landfill gas technology and escape to the atmosphere every 
year.  However, because food waste in a landfill experiences peak methane emissions for seven 
years, we know that the total amount of methane emitted, for one faction of deposited waste, will 
begin to decrease after seven years.  To estimate the impact of the escaped methane on the 
atmosphere, it is necessary to account for the decay of methane in the atmosphere.  The IPCC 
global warming potentials state that methane has an effect 28 times stronger than carbon dioxide 
over a 0 to 100-year time period (IPPC 2014).  However, because of its exponential decay, half 
of that average effect will occur within the first 8.6 years, and three quarters of the effect occurs 
within 17.2 years (Muller & Muller 2017).   
These variables, being the exponential rate of decay for methane gas and the rate of 
methane emissions for food waste in a landfill, make deriving an accurate estimate of the true 
impact of continuously landfilling food waste very difficult.  Additionally, this estimate does not 
include the initial five years where landfill gas management is limited as a refuse cell is filled to 
capacity.  Truthfully, the 35 tons of food waste deposited in a landfill could easily emit more 
than 626 kg CH4 to the atmosphere.  Thus, it is very difficult to derive an accurate estimate for 
the impact of landfilling food waste regarding the accumulation of methane gas in the 
atmosphere.  Exploring this theory and deriving accurate estimations on the accumulation of 
methane from the annual deposition of food waste in a landfill from a point source could take 
years to fully understand.  Obtaining accurate methane generation potentials for a faction of food 
waste in the City of Redlands Landfill would take decades of research to determine an official 
estimate.  If I had more time to complete work on this research, I would like to attempt a life 
cycle assessment for food waste in the City landfill, with an emphasis on the global warming 
potential of escaped methane from deposited waste. 
 
5. Conclusions 
The University of Redlands is required to implement a program which recycles all of the 
organic waste generated on campus by the State of California law, and could be subject to 
immediate violations and fines until full compliance is guaranteed.  Building a successful 
organics recycling program at the University of Redlands, one which accepts both pre- and post-
consumed food waste, necessitates collaboration between the Department of Facilities 
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Management, the Recycling Coordinator for the City of Redlands, the Sustainable University of 
Redlands Farm (SURF), and the UoR’s food service company. This program should bridge 
communication on waste management across several different institutions, while also involving 
feedback to and from users of the recycling service.  A full scale waste characterization of the 
UoR waste streams is highly recommended so that accurate quantifications of organic waste and 
scale of demand for the program can be assessed.  Additionally, the Recycling Coordinator for 
the City should be asked to conduct a survey, which is free of cost, of our food service facilities 
to best recommend practices for operating the recycling program.  The establishment of an 
organics recycling program would also advance sustainability at the UoR; this institution could 
potentially offset 626 kilograms of methane gas every year by recycling the waste from Irvine 
Commons.  Annual disposal of food waste in the City landfill leads to an accumulation of the 
methane gas which escapes collection in the atmosphere.  While this gas does not last forever, 
because of its exponential rate of decay, it does have significant global warming impacts over a 
short time period.  Further research should be done to fully understand the cumulative impacts of 
methane gas from food waste in landfills, with careful accounting for timespan of gaseous 
emissions from food waste and the rate of decay of methane gas once it is in the atmosphere.      
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A: City of Redlands organic food waste bi-monthly rates 
 
 
 
B: Food refuse items that are accepted in the City organics collection program 
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